A schematic representation as a ball-and-stick model of the structure obtained from the refinement of the X-ray data is shown in Figure S1 . 
X-ray Diffraction refinement
A schematic representation as a ball-and-stick model of the structure obtained from the refinement of the X-ray data is shown in Figure S1 . 
Scanning Electron Microscopy (SEM):
A typical back-scattered SEM image for the LNO ceramic is shown in Figure S2 Figure 3 of the main text and Figures S3 and S4a herein, are averages of stacks of 50 consecutive, rapidly-acquired HAADF STEM frames, corrected for specimen drift and scanning distortions using non-rigid registration techniques 3 as implemented in the commercially-available SmartAlign Plugin. 4 The images were further corrected for orthogonality using the Jitterbug plugin 5, 6 .
HAADF image intensity profiles were subsequently produced by integrating the image The image simulations 7 show that the brighter cation columns in both orientations correspond to the B-site Nd columns, while the darker columns correspond to the partially- 1 Applies for very thin regions of the sample, for which the image contrast scales, to a good approximation, as the square of the atomic number Z (the actual dependence is closer Z n , n = 1.6−1.8, here is denoted as ∼Z 2 for simplicity) 
occupied A-site La columns. In the [100] orientation no A2-site is observed in the images as it is fully unoccupied. In the [101] orientation the intensity variation of the A-site is due to the different partial occupancy of the A-site.

Figure S5: a) HAADF STEM image (after rigid-registration of a stack of consecutive images), with overlaid ball-and-stick model of the Cmmm structure; b) HAADF STEM image of the LNO ceramic acquired along the [101] zone axis. Pairs of darker A-sites, marked by yellow rectangles, appear to align closely parallel to the
Electron Energy Loss Spectroscopy (EELS)
Local electronic structure variations can be fingerprinted through EELS analysis. The O K edge signal of LNO extracted from different regions of the structure ( Figure S6a) shows differences in the near edge fine structure (ELNES): Figure S6b . In particular, a change in ratio of the peaks in ELNES marked as A and B ( Figure S6b ) is observed. By analogy to similar systems, the A and B peak typically arise from transitions to the unoccupied O 2p states hybridising with the Nb 4d states and La 5d states, respecively [8] [9] [10] [11] , as evidenced also by the overlay of the calculated pDOS against the experimental EELS spectra, shown in Figure S6c . The different occupancy of these two distinct A sites is therefore reflected in a change in the O bonding environment. Fermi level is set at 0 eV. The pDOS is plotted against the experimental O K edges for the corresponding layers (as defined in Figure 12a ). For reading clarity, the experimental spectra were rigidly translated to the site projected pDOS; no stretching of the energy axis was applied.
The optical bandgap of the LNO ceramic was determined by monochromated valence EELS measurements using a Nion UltraSTEM100MC-'HERMES' dedicated STEM 12 , which is equipped with a high-resolution beam monochromator and a Gatan Enfinium spectrometer.
The microscope was operated at 60 kV and at an energy spread of ~0.025 eV, as evidenced by the FWHM of the Zero Loss Peak (inset in Figure S7 ). According to Rafferty et al. 13 the valence EEL spectrum reflects the joint density of states of the material, and direct and indirect band gap onsets can be described by a parabolic or exponential function, respectively. The exponential shape of the spectrum onset observed on LNO ( Figure S7) shows that the optical gap is dominated by indirect contributions, as expected from theoretical calculations. The value of the optical bandgap of LNO was determined from the intersection of the energy axis with a straight line fitted to the spectrum after the spectrum onset 14 ( Figure S5 ), yielding a bandgap value of Eg~3.86 eV.
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Figure S7: Monochromated valence EELS measurement of the LNO ceramic, showing the determination of the band gap.
Computational details:
Crystallographic model of La1/3NbO3 used in the calculations.
To initially model the average crystallographic structure of La1/3NbO3 a super cell comprising three primitive unit cells of La1/3NbO3 of Cmmm symmetry was used. All internal and lattice degrees of freedom were allowed to relax, and no symmetry constraints were applied during the calculations. After relaxation, a new primitive unit cell was identified of P2/m space group (La2Nb6O18), which was 30 meV lower in energy than Cmmm. Thus in the electronic structure and transport calculations the P2/m unit cell as shown in Figure S6 was used. The lowering of the Cmmm symmetry to P2/m is related to the tilting of the NbO6 octahedra as shown in Figure S8b . Note that this is the ground state configuration at 0 K, whereas the average experimental crystallographic structure was evaluated at room temperature. The calculated unit cell parameters when transformed into the orthorhombic unit cell representation are shown in Table S3 . In the case of the MD calculations employing a classical force field as described in the methodology section, a very good agreement is obtained with the experimental data (see Table S1 and Table S3 ). The lattice parameters resulting from the PBE+U calculations compare also favourably to the experimental ones, although they point to a slightly elongated structure. This 'expansion' of the PBE+U calculated unit cell as compared to the experimental one is likely caused by the over localization of d-electrons in the calculation, which leads to an incorrect bond elongation. As demonstrated in our previous work, 16 when the value of τ is chosen to be independent on temperature, it only applies a constant shift to the calculated conductivities. This is a good approximation for oxides as experimental evaluation of the relaxation time is not trivial and sample dependent. Figure S10 shows the corrected electrical conductivities as a function of carrier concentration for all the temperatures studied. The relaxation time τ, was chosen to be 8*10 -19 s. This value allows for the best fit of the calculated electrical conductivities against the experimental measured data ( Figure S11 ). The approximation holds well for temperatures higher than 500 K. This discrepancy may be due to the complexity of the experimental samples against a simple model used in our DFT calculations. Cation doping is one of the main strategies to introduce charge carriers in thermoelectric oxides; calculations, shown in Figure S10 demonstrates how the introduction of charge carriers result in an increase electric conductivity. However, this strategy can be can be a double edged sword, as above a certain carrier concentration the Seebeck coefficient shows a linear decreasing tendency in magnitude, effectively balancing out the increase of conductivity in the thermopower (S 2 σ). It should however be noted that our calculations S12 assume that doping does not change the shape of the band structure but only shifts the Fermi energy. More rigorous experimental and theoretical work would be necessary to access the exact effect of specific dopant concentration in the transport properties of the LNO ceramic. 
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